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Field of the invention 



The present invention relates generally to the field of metal stents for insertion into 
vessels in the body, and particularly to dissolvable metal stents being made of a metal 
diat dissolves by corrosion inside the body vessel and to disintegrating metal stents 
being made of two metals with different electrochemical potentials, thereby forming a 
galvanic element in which an electrochemical reaction occura that consmnes the metal 
having the lower electrochemical potential. 



Background of die invention 

A number of difBerent stents have been proposed for the stenting of a blood vessel that 
has been occluded, A widely used type of stent consists of an expandable metal mesh. 
This type of stent may be further divided into self-expanding stents and non-sdf- 
expanding^ stents. Jhe self-expanding stents, can be made of. a. mesh^material fliat_ 
changes to a larger-size configuration upon heating to body temperature. Exan^)les of 
stents of this ^e may be found in US 6,071,308. Other self-expanding mesh stents 
are made of a resilient material, which can be flexed down into a small diameter tube 
and held in place in this configuration until it is released, at which time the mesh 
expands to the larger configuration. The non-self-expanding stents are often expanded 
by use of an inflatable balloon, which is placed inside the mesh being in the small 
diameter configuration and which is then inflated, thereby expanding the mesh to the 
large diameter configuration. The balloon itself is then deflated for removal, while the 
metal mesh is left in the expanded configuration. For examples of non-self-expanding 
st«its, see US patmt no. 5,799.384 and the international application WO 0189417. 

Some of tins expandable metal mesh stents are combined wiflx an expandable polynaer 
layer, which may be positioned on the mside of the expandable m^ on the outside 
of the expandable mesh, within the interstices of the expandable mesh, or any 
combination of inside, outside and within the interstices of tiie expandable mesh stent 
A stent of this type is, for example, shown in US 5,968,070, wherein the polymer 
layer may consist of expanded polytetrafluoroethylene (PTFE). As disclosed in, for 
example, US 5,160,341 , it is also possible to use a polymer layer made of a resorbable 
polymer, such as polylactic acid homopolymers, polyglycolic acid homopolymers, or 
copolymers of polylactic acid and polyglycolic acid. 

One advantage with expandable metal mesh stents is that their small diameter in the 
pre-expanded state allows easy insertion into narrow vessels. However, after the 
^pansion, the metal mesh stents are difficult to remove since tissue in-growtii occurs 
over time, and, in praxis, the stents are normally left inside the blood vessel. The main 
complication associated with the stenting of a stenosis in a blood vessel is the risk of 
having a restenosis, in which case a new stenosis develops at the same position as the 
first one, i.e. a new stenosis is growing inside the inserted stent Several types of 
stents have been suggested to handle this severe problmi, including drug-delivering 
stents and radioactive stents. Examples of drug-delivering stents may be found in 
US 6,206,195, wWle examples of stents for radiotiierapy may be found in 
US 6,192,271. Nevertiieless, tiiere is still a substantial risk of having a restenosis 
following the stenting of a coronary artery, la tius case, a second stent is normally 



inserted and expanded inside the first one, which obviously reduces the diameter of 
the second stent in its ejqjanded configuration as weU as the inner diameter of the re- 
slented blood vessel. 

Further, when a stent is placed permanentiy inside a coronary artery, the continuous 
stress fiom die beating of the heart may cause the waU and edges of the stent to 
damage tiie vessel wall. This damage can lead to arterial rupture or aneurysm 
formation. Also, a stent adapted to be permanentiy implanted within a blood vessel is 
continuously exposed to the flow of blood inside the vessel, which may lead to 
thrombus formation within tiie blood vessel. Stents made of absorbable mataials (sro 
eg US 5,306,286) have been proposed in order to overcome tixese problems, a 
disadvantage with such stents is that tiiey are difficult to expand, i.e. they are of the 
self-expandable type. They have also a Umited capabiUty to widistand the 
compressive pressure exerted by the blood vessel in flieir expanded configuration. 

It would tiierefore be desirable to provide a stent that combines the expand^ility and 
- structural integrity of the-metal mesh stents with-tiie. advantages of the absorbable 
stents. Such a stent would allow easy insertion into tiie blood vessel and yet bemg 
expandable enough to expand tiie blood vessel to tfie desired y<>l'^«- 
also avoid tiie compUcations associated witii permanentiy imported stmts i»y 
becoming dissolved or disintegrated. A stent having tiiese characteristic would allow 
stenting of a restenosis, witti tiie final inner diameter of tiie re-stented blood vessel 
being tiie same as aftffl: the first stenting operation. 

Sammary of the invention 

The object of tiie present invention is to provide a metal sten^ which (Ussolves^ 
disintegrates inside a blood vessel after a predefined time. la a first embodiment. »e 
stent comprises a metal mesh made of a metal tiiat dissolves corrosion in tiie 
environment prevaUing witiiin tiie blood vessel, hi a secoiid embodiment, ^emetei 
mesh is made of at least two metals having different electrochemical potentiate, 
tiieieby formmg an active galvanic element, hi tiie galvanic element- ^ 
electSchemical reaction occurs, which consumes tiie metj ^^^8 
electrochemical potential. If flie joints of flie metal mesh are made of ^ 
tiie lower electrochemical potential, these jotots wUl dissolve, which leaves tiie rest of 
tiie medi in a disintegrated configuration. 

This object is achieved wifli a stent according to chdm 1. Preferred embodtoents of 
tiie dissolvable or disintegrating stent accordmg to tiie mvention are defined m tiie 
dependent claims. 

Brief description of the dravidbigs 

Fig. 1 shows a first embodiment of an expandable metal mesh stent accordmg to the 
invention. 

Fig. 2 shows a second embodiment of an expandable metal mesh stent according to 
fhe invention^ 



Fig. 3 shows the stent of Fig. 2 in a disintegrated state. 

Fig. 4 shows a third embodimmt of an expandable metal mesh stent according to fhe 
invention. 

Fig. S shows a cross-section of the stent of Fig. 4. 



Detailed deseription of the drawbigs 



Fig. I illustrates a first embodiment of an inventive stent. In Fig. 1, a stent 1 
comprises a mesh 2 made of metal that corrodes in the environment prevailing inside 
a vessel. By choosing a suitable metal, it is possible to control the tune elapsed until 
the stent is dissolved by corrosion inside the vessel. Obviously, this time d^mds on 
.theLphysiological and chemical charactaisttcs.of.both the vessel itself and the fluid 
flowing inside the vessel as well as for how long time it is necessary to support the 
stented vessel. A perh^qjs natural choice of metal would in this case be iron, or 
possibly an alloy of iron and a small amotmt of chromium or nickel in order to make 
the stent more resistant to corrosion, i.e. prolong the time before the stent is dissolved 
inside the vessel. In practise, the choice of metal or alloy may be tailored to the actual 
application. 

A second mbodiment of an inventive stent is illustrated in Fig. 2. Here, a stent 3 
comprises a metal mesh 4, which comprises two component parts, joints 5 and stiai^t 
portions 6. If the joints 5 are made of metal having a lower electrochemical potential 
than the metal of the straight portions 6, an active galvanic element is created, wifli 
the fluid inside tiie vessel acting as an electrolyte. This galvanic element drives an 
electrochemical process, in which the metal having the lower electrochemical 
potential is consmned, which, in this case, means that the joints S of the mesh 4 are 
dissolved, ikexehy leaving the me^ 4 in a disintegrated configumtion. This 
disintegrated configuration is shown m Fig, 3. As is well known, the kinetics of 
corrosion reactions may in actual practise differ from that predicted by 
electrochonical potaitials in standard dectrodiemical series. Whoi deciding metal 
combinations, one nmst therefore also take into account Ae diaracteristics of the 
vessel in question. 

In the second embodiment described above, the joints 5 could, for example, consist of 
zinc while the straight portions 6 consist of iron. With this material combination, the 
whole stent 3 would eventually be dissolved since the straight portions 6 would 
dissolve by corrosion when the joints 5 have been consumed in tiie electrochemical 
process of the galvanic element Another possibility is to make the mesh 4 of a first 
metal, such as iron, and then provide a layer of a second metal, such as gold, having a 
higher electrochemical potential at the joints 5. This configuration would create an 
electrochemical process in which the first metal (e»g. iron) is consumed beneath the 
layer of the second metal (e.g. gold). This combination would yield the same 
disintegrated configuration as shown in Fig. 3, the only difference being the small 
remainders of the second metal at the joints 5. In practise, the remwning amounts of 
the second metal can be made negligible smalL As before, the specific mat^als and 



material combinations can be taUored to the desired time before disintegration of the 
stent. It is, of course, also possible to provide the two metals at other posiUons flian 
the joints and straight portions of the mesh, which would leave the dishitegrated stent 
in some other configuration than the one shown in Fig. 3. Further, the metal me^ 
could be made of more than two metals with different electrochemical potentials. U, 
for example three metals were used, two different galvanic dements would be 
created, which provides additional possibilities to adapt the disintegrations rat^ of the 
metal meshes as well as the disintegrated configurations to the specific application 
conditions. 

A method of manufecturing stents is by direct laser cutting fi«m a single metal tube. 
For the inventive purposes, this method could be applied on a tube made of two 
metals. Fig 4 illustrates a stent 7, which has been laser-cut to a desucd mesh structtffe 
8. As is shown in cross-section in Fig. 5, the stent 7 is inade firan a mejal tube 
comprising a first layer 9 of first metal, such as stainless sted, and a second layer lo 
of a second metal, such as platinum, the second metal having a higher electrochemical 
potential tiwn the first metairFor- clarity-of iUustration. the. two layers have been 
enlarged m Fig. 5. In practise, the second metal would have been ^phed as a vary 
thin layer 10 on the outside of the tube. As an alternative, the second metal could be 
appUed on the inside of the tube. With this configuration, laser cuttmg or dber 
conventional manufiwtuiing methods, sudi as etching, can be applied as for a stot 
made from a single metal tube. Furthermore, such a stent would exhibitessentialty the 
same mechanical properties as a stent made of the first metal only. The 
course, only vaUd before and immediaiely aflar unplantation m a vessel, i.e. before 
the start of any dectrochemical process. 

In this context, it should be noted that the normal corrosion process also is an 

electrochemical process, and if two or more metals are used in a ^ent. one (or all) ot 

the metals will corrode and dissolve due to the normal corrosion mechanism, m 

addition to the corrosion driven by tiie galvanic element as described above. It should 

also be noted that it is possible to obtain "internal" galvamc elements if granules ot 

small cells of a second metal are present in a first metal. Hie s«»nd metol may be 

present naturaUy in tiie first metal or may be implanted mto the fi^ metal means 

of some suitable technique such as sintering. Obviously, the same eff«5t ''oj!^^*^ 

tiie metal of which the stent is made oon^Mtises more than two meters witii d^er^ 

electrochemical potentials. Such internal galvanic dements would accelerate toe 

normal corrosion process and would also provide a further possibiUty to tte 

disintegration of the stent With i^wpriate dioioe of metals, the sane 

also bfutUized if an alloy or a compound of two or more metds is used for flie 

manufecturing of the stents. Further, tiie stents have been descnbed as compnsmg an 

expandable metal mesh; the inventive concept is, however, ^hcable on otiier stent 

configurations such as folded metal stents, or stente Aat have ^^^^^.l 
cylin^cal configuration. Finally, it should be noted tiiatherem file term expandable 

encompasses bofli self-expanding and non-sdf-expanding metal mesh stents. 

Altiiough tiie present invention has been described witii reference to specmc 
embodiments, Sso diown in the appended drawings, it wdl be app^^t for those 
Sled in the art tiiat many variations and modifications can be done withm tiie scope 
of Siv^^as described in tiie specification and defined in tiie following claims. 



Claims 

1. Metal stent (1; 3; 7) for insertion into a body passage, characterized In Vast the 
metal stent (1; 3; 7) conq^rises a first metal fliat dissolves inside said body passage. 

2. Metal stent (1; 3; 7) accoiding to claim 1, characterized 1b diat said first metal 
dissolves by corrosion inside said body passage. 

3. Metal stent (1; 3; 7) accoiding to claim 1, characterized in that said first metal 
dissolves by cocrosira after a pre-defined time inside said body passage. 

4. Metal stent (1) according to claim 2 or 3. finrflier characterized in that the 
stent (1) is in the form of an expandable metal mesh (2), whetdn at least parts of the 
expandable metal mesh (2) are made of said first metal. 

5. Metal stent (1) accoiding to claim 4, characterized in that the expandable metal 
mesh(2)is madeof said first-metal.' -- - - - 

6. Metal stent (1) accoiding to claim 4, characterized in that said parts of dw 
expandable metal mesh (2) constitute joining parts of the expandable metal mesh (2). 

7. Metal stent (3; 7) according to claim 1, ftirther characterized In diat metal strait 
(3; 7) also comprises a second metal, which has an electrochemical potential that 
differs ftom the electrochemical potential of the first metal, thereby formmg a 
galvanic element that drives an electrochemical process in which the first metal is 
consumed inside said body passage. 

8. Metal stent (3; 7) according to daim 7, characterized hi that the first metol jf 
consumed in said electrochemical process after a pre-defined time inside said body 



9. Metal stent (3; 7) accoiding to claim 7 or claun8, characterized In that the 
second metal dissolves by corrosion inside said body pass^. 

10. Metal stent (3; 7) accordmg to claim 7 or claim 8, characterize to liiat the 
second metal dissolves by corrosion after a pre-defined time inside said body passage. 

11. Metal stent (7) according to anyone of claims 7 to 10, characterized In that the 
second metal is provided as a tiiin l^er on the first m^. 

12. Metal stent (7) accordhig to anyone of clahns 7 to 10, characterized to that the 
second metal is provided as a thin layer on selected parts of the first metal. 

13. Metal stent according to anyone of claims 7 to 10, characterized to that the 
second metal is provided as granules or cdls within the first metaL 

14. Metal stent accoiding to anyone of claims 7 to 10, characterized to that the first 
m^ and the second metal are in the fwm of an alloy or a oonqpound. 
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15. Metal stent according to anyone of claim 7 to 14, characterized in that essentially 
aU initial mechanical properties of the metal steat are given by the first metal. 

16. Metal stent (3; 7) according to anyone of claims 7 to 10, further characterized In 
that the metal stent (3; 7) is in the form of an expandable metal mesh (4; 8), wherem 
joining parts of the expandable metal mesh (4; 8) are made of the first metal. 

17. Metal stent (3; 7) according to anyone of claims 7 to 10. finrther rized in 
that the metal stent (3; 7) is in the form of an expandable metal mesh (4; 8) and mat 
the second metal is provided as a thin layer on selected part of the expandable metai 
mesh (4; 8). 

18. Metei stent according to anyone of clauns 7 to 17, further chai^cterlzedl ta that 
the metal stent comprises more than two metals. aU of which have different 
electrochemical potentials, thereby forming galvanic elements fliat each dnyes a 
respective electrochemical process in which the metal havmg the lower 

■ electiochemical'pot«itial is consumed; - - - - * - . . ^ 

19 Method for the manufecturing of a metal stent (7) that comprises a ^st metal and 
a second metal, the second metal having an dectrochemical potential that differs &om 
the electrochemical potential of die first metal, ehamctorized in ^t the meUd stent 
(7) is made from a tube of the first metal, the outer surfeoe and/or the inner surfiace ot 
the tube bdng coated with a layer of the second metal. 

20. Method according to claim 19. fiirther characterized in that the ta^e, which 
made of the first metal, is coated with layers of sevaal metals, all of which have 
different electrochemical potoitials. 

21. Method according to claim 18 or claim 20. characterized in that said 
mannfiicturing involves laser cutting or etdiing. 
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Abstract 



The present invention provides a metal stent (I; 3; 7), which dissolves or disintegrates 
inside a body vessel after a predefined time. La a first embodiment, the metal stent (1) 
comprises an expandable metal mesh (2), which is made of a metal that dissolves by 
conosion in the environment prevailing within the vessel. In another embodiment, the 
metal mesh (4; 8) is made of at least two metals having diffoait electrochemical 
potentials, thereby forming an active galvanic dement In flie galvanic donent, an 
electrochemical reaction occurs, which consumes the metal having the lower 
electrochemical potential, th^by leaving the mesh (4; 8) in a disintegrated 
configuration. 
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Fig. 4 




Fig. 5 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£FER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




COLOR OR BLACK AND WfflTE PHOTOGRAPHS 



